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METHOD AND ARRANGEMENT FOR CLEANING PIPE-SHAPED FILTER ELEMENTS 



This is a Continuation-In-Part of international applica- 
tion PCT/EP00/03123 filed 04/07/00 and claiming the priority of 
German application 199 17 165.3 filed 04/16/99. 

BACKGROUND OF THE INVENTION 

The invention relates to a method and arrangement for 
cleaning pipe-shaped filter elements through which raw gas is 
conducted from a raw gas space into a clean gas space, in which 
a safety filter is disposed. The filter elements are cleaned 
by backf lushing from the clean gas space. As filter elements, 
mainly tube-like filter cartridges as they are used for the hot 
gas filtration are considered herein but the method is applica- 
ble to all tubular or hollow cylindrical filter elements. 

In conventional filter cleaning systems, the cleaning in- 
tensity is limited by the speed of sound as upper limit for the 
cleaning gas flow through the filter channels. Since in filter 
cartridges, the pressure which is necessary for the dislodging 
of the deposits is derived from the kinetic energy of the gas 
flow, the obtainable pressure is limited. The operational be- 
havior is further deteriorated when the filter has a high flow 
resistance for example by fine dust particles lodged in the 
filter, by a high dust content or by high filtration speeds. 
It is therefore difficult or impossible to clear filters by 
back flushing once they are clogged. 

The method according to the present invention is specifi- 
cally concerned with the high temperature particle filtration 
particularly of ceramic filter cartridges. Of particular con- 
cern is the protection of the plant during cleaning especially 
if a filter element breaks during cleaning. 
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For cleaning the filter elements or cartridges, it is 
presently common practice to apply pressure pulses at the clean 
gas side of the filters. However, with long filter cartridges 
with small inner diameters only relatively small cleaning ef- 
5 fects can be achieved at the ends of the cartridge. In princi- 
ple, the pressure of the flushing medium must be twice the 
pressure of the system during normal filtering operation in or- 
der to achieve a good cleaning effectiveness. Usually the 
pressure during filtering operation is 6 bar. In the pressur- 
10 ized coal conversion, the cleaning pressure to which cleaned 
product gas or N 2 is to be compressed must be between 15 and 60 
bar to provide an appropriate cleaning gas pressure. Further- 
more, breakage of a filter cartridge results in high dust emis- 
~ sions whereby the dust can be carried in combined gas/steam 

Six? 

yj 15 turbine plants into the gas turbine resulting in damage to the 

±\ gas turbine. It is therefore desirable that means are provided 

"Hi 

□ which permit continued power plant operation even if a filter 

* 3 cartridge breaks. To achieve this, generally there is provided 

s a second filter stage in the form of a safety filter arranged 

20 in the gas flow downstream of the filter cartridge. 

FU EP 0 551 951 Al discloses such a method for filter car- 

ry 

~ tridges through which raw gas flows from the outside to the in- 

M= side wherein a safety filter is arranged in the clean gas space 

downstream of each filter cartridge. Cleaning of the filter 
25 cartridge is achieved by back flashing of the filter cartridge 
from the clean gas space by a gas jet entering the filter car- 
tridge. This however, does not result in a good cleaning of 
the filter cartridge. In addition, there are cleaning gas 
losses through the safety filter. 
30 It is therefore the object of the present invention to 

provide a method for the cleaning of filter cartridges with 
which, on one hand, the cleaning of the filters is improved and 
which, on the other hand, provides for the cleaning of the fil- 
ter cartridges even if a filter catridge or a row of filter 

2 



cartridges breaks, without a carryover of contamination into 
the clean gas flow. 

SUMMARY OF THE INVENTION 
In a method and apparatus for cleaning pipe-shaped filter 
5 elements arranged in a housing including a separation wall di- 
viding the housing into a clean gas space and a raw gas space 
into which the filter elements extend from the clean gas space 
through the separation wall and the raw gas is directed from 
the raw gas space through the filter elements into the clean 
10 gas space while dust is removed from the raw gas and collected 
on the filter elements, the filter elements are cleaned from 
time to time by supplying momentarily pressurized flushing gas 
to the clean air space which, at the same time, is closed to 
generate a flushing gas pulse providing for a backflow of clean 
-JB 15 gas from the clean gas space to the raw gas space, which dis- 
lodges dust collected on the filter elements. 

O Details of the invention will become apparent from the 

CP 

fy following description thereof on the basis of the accompanying 

drawings . 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Hi Fiq. 1 shows a filter apparatus arrangement for performing 
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the method according to the invention wherein the gas flow is 
indicated as it occurs during normal filtration operations, 

Fig. 2 shows the same filter apparatus indicating however 
25 the gas flow during back flushing, 

Fig. 3 shows the- volume flow over the pressure difference 
indicating the transition between laminar and turbulent flow, 
and 

Fig. 4 shows the cleaning intensity of the method accord- 
30 ing to the invention in comparison with conventional methods. 

DETAILED DESCRIPTION OF THE INVENTION 
Figs. 1 and 2 show schematically a filter housing 1 which 
is divided by a separation wall 3 into a raw gas space 4 and a 
clean gas space 5. Into the separation wall 3 filter car- 
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tridges 2 are installed from the top as shown in Fig. 1 in a 
simplified manner. The filter cartridges 2 are preferably tu- 
bular ceramic filter elements into which the raw gas to be 
cleaned is directed from below. Filtering plants generally in- 
5 elude a plurality of filter cartridges arranged in rows or 
clusters to form filter batteries which are not shown in detail 
but for which the method according to invention could be ap- 
plied equally well. The filter cartridges as shown in Figs. 1 
and 2 may be considered to represent such rows or clusters of 
10 filter elements. 

In the clean gas space 5 downstream of the filter car- 
tridges 2, - in the flow direction of the gas to be cleaned - 
there are safety filters 6, which are disposed directly above, 
that is in axial alignment with, the filter cartridges 2. They 

Em 15 are contained between the filter cartridges 2 and a cover 7 of 
si 

p% the housing 1. The safety filters 6 have larger pores than the 

CP filter cartridges 2 and therefore a greater permeability. 

| , 5 

^ In the embodiment shown, the safety filters are formed by 

O tubular ceramic elements which are open downwardly toward the 

fy 20 filter cartridges 2, but which are closed at the top by the 

ffl cover 7 of the housing 1, so that gas flow can be established 

D 

y, through the safety filter from the filter cartridge to the 

clean gas space as well as vice versa from the clean gas space 
into the filter cartridge. One or more connecting lines 9 ex- 
25 tend through the cover 7 for supplying back flushing air 8 to 
the filter cartridges 2 for dislodging and flushing out parti- 
cles or dust deposited on the raw gas side of the filter car- 
tridges 2 in the raw gas space 4. For admitting the flushing 
air 8, the connecting line 9 is provided with a rapidly opening 
30 cleaning cycle valve 15. Between the valve 15 and the hot 
clean gas space 5, there is provided on additional highly tem- 
perature resistant flap valve 16. With this flap valve, the 
temperature sensitive backflashing valve 15 can be protected 
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during high temperature operations from being subjected to ex- 
cessive temperatures of the hot clean gas. 
^ Xj^he clean gas space 5 is closed at its end adjacent the 
^* clean ga^mitlet channel 10 by a control element which permits 
5 passage of th&^leaned gas, but prevents passage of the flush- 
ing air 8 into ttife^v^outlet channel 10, This control element 
consists of a f low-dyn^sQlc pneumatic valve 12, which has no 
moving parts and which is o^n when the pressure in the clean 
gas space 5 is relatively low a^sit is during filtering opera- 
10 tions, but which closes when the rel>a^ively high-pressure back 
flushing air is admitted to the clean gasN^pace 5. 

In a particular advantageous embodiment, the control ele- 
ment 12 consists of a porous ceramic element, which is shown - 
enlarged in the schematic representation of Figs. 1 and 2 - 



is provided with passages 13 extending from the clean gas space 5 

si 

to the outlet channel 10. The ratio of open passage area to 
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the remainder of the material of the control element 12 is so 
selected that, during filtering operation, the flow resistance 
□ is relatively low, but that, during the back-flushing or, re- 

pi 20 spectively, cleaning operation, which occurs in a pulsed manner 

® with relatively high pressures, the flow resistance is so high 

D 

U that the flow of gas through the porous control element 12 is 

practically blocked. In this way, it becomes possible to di- 
rect the backflush flow of flushing gas from the clean gas 

25 space 5 to the raw gas space 4 through the safety filters 6 and 
the filter cartridges 2. As control elements for closing the 
outlet channel 10 also devices other than the porous ceramic 
element 12 may be used. It is however advantageous for high 
temperature operation if the control element has no moving 

30 parts. It is important that the safety filters 6 have a higher 
permeability than the filter cartridges 2 and the control ele- 
ment 12 has a higher permeability than the safety filter 6. 

The operation of the backflushing valve 15 and of the flap 
valve 16 is as follows: 



During normal filter operation in accordance with the Fig, 
1, the flap valve 16 is closed and thereby protects the 
backf lushing valve 15 from direct heat exposure. Upon initia- 
tion of a cleaning procedure, first the flap valve 16 is opened 
5 which is achieved within seconds. Then the rapidly opening 
backflushing valve 15, which has a switching time in the range 
of several 10 msec is opened and the flushing air flows succes- 
sively through the back flushing valve 15 and the flap valve 16 
into the clean gas space 5. From there, the flushing air 
10 passes through the safety filter 6 and the filter cartridges 2 
to the dust particles collected on the outside of the filter 
cartridges 2. 

—7 The dust layer 17 on the outside of the filter cartridges 

% La 2 is dislodged and removed from the filter cartridges 2 in the 

CP 15 process .\After completion of the backf lashing procedure, first 
SI x 

g the backf lushing control valve 15 closes and then the flap 

fcs? x^ 

valve 6. Sin^e the backflushing step is completed within a pe- 
I' riod of less than 1 sec, the flap valve 16 is open for only a 

P few seconds during\^hich the control valve 15 may be exposed to 

5] 20 high temperatures. 
05 With the direct coupling of the back flushing unit for one 

Ll or more filter cartridges 2 by way of the porous safely filter 

6, on one hand, the backflushing intensity can be adjusted as 
desired and, on the other hand, the safety filters 6 act as in- 
25 tegrated safety elements. The control element 12 described 
earlier makes it possible to achieve a high effectiveness of 
the back flushing as 8 and also for the cleaned gas flow 11. 
The achievable back flushing intensity is determined alone by 
the static pressure in the backflushing system. It is there- 
30 fore no longer hydraulically limited and can be adjusted in ac- 
cordance with the excess pressure needed in the filter car- 
tridges 2. Particularly in the critical inlet area of the fil- 
ter cartridges, the backflushing intensity can be increased in 
this way, with, at the same time, a substantially reduced 
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backf lushing pressure (see Fig. 4) . Even clogged filter car- 
tridges can be freed with the method according to the invention 
since the backflushing intensity is almost independent of the 
filter cartridge loading condition. 
5 The control element 12 consists preferably of a honeycomb- 

like body with through passages having a cross-section in the 
area of a few mm 2 . As material for the honeycomb-like body ce- 
ramic material such as SiC, A1 2 0 3/ Cordierit, or Spinell may be 
used. However, it may also consist of a porous materials such 
10 as foams, metal fibers or fabric or other fiber materials, corn 
ceramics or sinter metals with a system of open pores of a few 
100 jim cross-section diameters. The porous materials may be 
_ Si 3 N 4/ Zr0 2 , SiC, A10 3 or Spinell. 

o 

UJ Characteristic operating values of the method according to 

Ir 15 the invention: 

01 

M Pressure of the backflushing air 8: 0.5 to 1 bar above the 

□ 

system pressure, 

Ly Pressure loss in the filter cartridge 2 and the safety 

^ filter 6: 500 to 1000 Pa at 5 cm/sec flow speed through the 

MJ 20 filter. 

f! E ' 

Pressure loss in the control element 12: 30 to 250 Pa at 
2.5 cm/ sec. 

The pressure loss referred to is always the pressure loss 
determining the permeability. 
25 Fig. 3 shows the transition between laminar flow and tur- 

bulent flow on the basis of a plotting of the volume over the 
pressure difference at the control element of an arrangement 
including three filter cartridges. During filtering opera- 
tions, the pressure difference is up to 2 mbar with a volume 
30 flow of 90 m 3 /hr. Up to this point, the flow in the passages 
13 of the control element is laminar. The relationship between 
volume flow and differential pressure is linear. If the values 
are increased, in this case by the admission of back flushing 
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air 8, the flow in the passages 13 is converted from laminar to 
turbulent. Backf lushing occurs at a pressure of about 200 
mbar. Since the flow in the passages has become turbulent, the 
pressure losses are substantially increased so that the control 
5 element is practically blocking. 

Fig. 4 shows the cleaning intensity (backf lushing effec- 
tiveness) over the length of a filter cartridge (circles) at 
certain cartridge locations, in comparison with conventional 
methods (squares) . The backflushing pressure are listed: With 
10 the method according to the invention, relatively low pressures 
are required to obtain at the various filter cartridge loca- 
tions relatively high backflushing pressure differences which 
provide for an effective cleaning of the filter cartridges. 
5 As a result, the method according to the invention sub- 

Mjl 15 stantially reduces the chances of dust infiltration into the 

01 

Sj plant system. Besides, the individually mounted safety filters 

S guarantee at any time, that is also in case of a breakage of a 

[ij filter cartridge, that the required clean gas dust content lim- 

s its are not exceeded. Furthermore, any undamaged filter car- 

M 

gj 20 tridges can safely remain in operation: Filter cartridges 2 ar- 
ranged in a row or in the same cluster as a damaged element can 
still be used without the possibility of causing contamination 
of the clean gas area. Only the damaged filter cartridge needs 
to be replaced. Another advantage of the arrangement according 
25 to the invention is that no pipes are required in the high tem- 
perature area of the filter arrangement. The required safely 
filters 6 are simply placed on top of the filter cartridges or 
they may even be provided as part of the filter cartridges. 

The control element 12 may be firmly installed in the 
30 clean gas duct. The whole filtering arrangement can then be 
very compact. For the backflushing, an excess pressure of only 
0.5 to 1 bar is required independent of the system pressure. 
With a relatively high system pressure, this is quite advanta- 
geous. During most of the backflushing procedure only hot gas 
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from the clean gas space of the apparatus enters the filter 
cartridges 2. The backf lushing air mainly increases the pres- 
sure in the clean air space. The ceramic filter cartridges are 
therefore not subjected to high temperature changes or thermo- 
shocks. The control valves 15 and 16 for the backf lushing air 
may be arranged at a greater distance from the cover 7 in order 
to reduce their exposure to high temperatures. 



